INTRODUCTION
Over the past few decades there has been growing interest in products that, besides the basic nourishing function, promote health benefits. This growing search puts certain foods and ingredients in the preference list of an increasing number of consumers, including the linseed (Linum usitatissimum) (1) (2) (3) .
Linseed is an oleaginous that has been used in the human diet for thousands of years, and at present. It has been widely spread due to its functional allegations (3) (4) (5) . In agreement with Faintuch et al. (6) , linseed flour presents anti-inflammatory action, reducing cholesterol and triglycerides levels in obese patients.
The α-linolenic acid (ω-3) concentration in linseed is more than 50% its lipid content (7) , characterizing this seed as the high vegetable source of this fatty acid. Studies point to the beneficial effects of ω-3 in child growth and development, a reduction of risk factors for cardiovascular diseases, dyslipidemia, central nervous system functioning and in inflammatory disorders (7, 8) .
Linseed presents proteins with an amino acid composition that is similar to soy, and is considered a seed with good protein quality among vegetable origin products (9) . This oleaginous is also rich in dietary fiber (10, 11) , potentiating physical weight reduction, the prevention of diabetes and cardiovascular diseases (12, 13) , besides preventing constipation, diverticulitis, hemorrhoids and colon cancer (13, 14) . In addition, it presents phytoestrogens and phenolic compounds, especially lignans, associated with antioxidant properties, a reduction of breast and prostate cancer risk and diabetes prevention (3) .
In view of the low linseed intake in the Brazilian diet, the development of cereal bars enriched with this seed is a good alternative to increase its consumption and promote a healthier diet. In this context, cereal bars stand out, as they present great market popularity due to their handiness, taste and nutritional value, being a good alternative for those who look for healthy and low calorie food in snacks or to complement meals (15, 16) .
Considering that there aren't researches about cereal bars with added linseed, the purpose of this study was to evaluate the nutritional value and acceptability of cereal bars enriched with dietary fiber and omega-3. 
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MATERIAL AND METHODS
Materials The brown linseeds used in the flour preparation were obtained in the market of Viçosa (MG, Brazil).
Methods
Linseed flour preparation
The seeds were submitted to thermal treatment in air circulation stove (Nova Ética®, model 400/6ND) at 150°C, for 15 minutes (17) . After cooling at room temperature, the linseed was ground in a food processor (ARNO®, Optimix model). The resulting flour was placed in polyethylene bags and stored under refrigeration at 4°C for approximately seven days.
Preparation of cereal bars Four formulations of cereal bars containing 0% (F1), 5% (F2), 10% (F3) and 20% (F4) of linseed in the form of whole flour and seed were prepared. The percentages were in relation to total formulation, excluding the water. Soy oil was reduced in function of the lipid concentration of the seed (table 1) .
For the agglutination syrup, brown sugar, corn glucose and water were heated under agitation in a Teflon® pan at average temperature of 115ºC, for approximately seven minutes. Next, the remaining ingredients were heated on a low flame for five minutes and homogenized to the agglutination syrup. The content of soy oil added was reduced as a function of the levels of lipids in linseed. The mixture was placed in heat-resistant containers and pressed manually. After cooling at room temperature, the cereal bars were cut in a rectangular shape, with a constant weight of 25 g and conditioned individually in polyethylene plastic wrap for subsequent analyses.
Proximate analysis
The analyses of moisture, proteins, lipids and ash were carried out in accordance with the Association of Official Analytical Chemists (AOAC) (18) . The soluble and insoluble dietary fibers were determined by the enzymatic-gravimetric method, using complete kit for fiber analysis (Sigma®) according to methodology recommended by the AOAC (19) . The carbohydrate content was obtained by difference and the caloric value of the formulations was determined by the sum of calories supplied by proteins, carbohydrates and lipids, using the conversion factors 4 Kcal.g-1, 4 Kcal.g-1 and 9 Kcal.g-1, respectively (20) .
Sensory analysis
The acceptability of the four cereal bar formulations was carried out in a supermarket of Viçosa, MG, Brazil. Ninetynine consumers, seventy females and twenty-nine males participated in the study.
Cereal bar samples of 6 g were identified with random three-digit codes and presented to consumers one at a time, using a randomized block design (21) . Consumers evaluated global acceptance of the formulations using a structured 09-point hedonic scale (22) .
Statistical analyses
The chemical composition and acceptance data were analyzed by ANOVA followed by post hoc Tukey test, at 5% significance level, except the total dietary fiber and soluble and insoluble fractions. The results of the ANOVA were expressed as means ± standard deviation. The statistical analyses were carried out using the software Statistical Analysis Systems (SAS), version 9.1 (2009) licensed by the Federal University of Viçosa.
RESULTS
The results of the proximate analysis demonstrated that, regarding moisture, the levels of formulations with linseed were higher than the control (p<0.007). The ash concentration of the cereal bars containing 20% (F4) of linseed was higher (p<0.00) compared with the control (F1) and the protein content, with no statistical difference (p>0.05) among the four formulations (table 2) .
The cereal bars containing linseed presented a lower concentration of carbohydrates in relation to the control (p<0.004) and a higher lipid concentration (p<0.001) than the others (table 2) . In addition, the concentration of α-linolenic fatty acid (ω-3) increased by 85% and the linoleic fatty acid (ω-6) reduced by 25% in cereal bars with linseed compared with the control.
Total dietary fiber and the soluble and insoluble fractions increased as the amount of added linseed was higher and the caloric value was similar among the cereal bars. Results obtained in the sensory analysis are presented in table 4. The cereal bars showed scores superior to 6 in the hedonic scale, among the hedonic terms "like moderately" and "like very much". The formulation without linseed was the least accepted, differing from the others significantly (p<0.016).
DISCUSSION
The moisture of the cereal with linseed increased in relation to control, probably due to the content of water in the seed, which is higher than oat (10) .
As well as in this work, Hussain et al. (23) also observed an increase in the ash content in cookies prepared with linseed flour and attributed it to the minerals present in the seed.
Although the contents of protein did not differ, the values obtained in this study were superior to the products found in the market and in the research of others (24, 25) . Furthermore, the profile of linseed amino acids characterizes it as less lipidemic and atherogenic than soy or canola proteins (9) , cereal bars with linseed are adequate for a healthy diet.
The levels of carbohydrate were reduce in the bars with linseed and inferior to the values found by Brito et al. (24), Freitas and Moretti (25) and in commercial bars (24, 25) .
Inferior values in the lipid content in cereal bars were observed by Freitas et al. (25) and Silva et al. (26) . However, it is necessary to consider the linseed lipid profile, which presents a favorable balance of polyunsaturated, monounsaturated and saturated fatty acids (7, 10). Philippi (11) classifies food according to the content of a nutrient in the portion established by legislation regarding the Dietary Reference Intake (DRI) (27) . Foods containing more than 5% DRI value are considered as source; those containing between 10 and 20% are considered a good source and those containing over 20% are an excellent source. Hence, considering the DRI recommendations for men and women from 19 to 50 years, the formulations containing linseed were classified as excellent sources of ω-3 and good sources of ω-6 in a 25g portion (table 3) . Since the appropriate ω-3 and ω-6 intake is associated with the adaptation of the plasmatic lipid profile for the control of the circulative and immune systems, brain functions, among others (28), the inclusion in diet or consumption of linseed bars with high ω-3 concentration contributes to reduce the elevated ω-6/ω-3 ratio, characteristic of the Western diet (29) .
The increase of dietary fiber in the formulations add of linseed was due to the higher concentration of this nutrient in the linseed than the oat, with a level of around three times (2008) more (10) . All of the formulations presented higher levels of total fiber than the commercial bars (24) and the bar produce by Brito et al. (24) . Additionally, the cereal bars with linseed showed superior results than those of Freitas and Moretti (25) . According to Philippi (11) , formulations containing 5% and 10% of linseed were considered as dietary fiber sources and formulations with 20% linseed were a good source. The caloric value of formulations with linseed was 98.2, 99.5 and 105.5 kcal in a portions of 25 g (table 2) , being similar when compared with commercial cereal bars, which presented values between 90 and 117 kcal, when considering the same portion (24, 25) . Thus, the addition of linseed maintained an adequate caloric value and added the claim of healthy to cereal bars.
The results of the sensorial acceptance indicated that formulations containing linseed obtained good acceptance by the consumers. All of the cereal bars presented higher acceptance than the functional bars produced by Freitas and Moretti (25) . CONCLUSION Linseed addition to cereal bars increased the concentrations of dietary fiber, minerals and ω-3 of the product. The formulation with 20% linseed was the most adequate regarding the chemical and sensory characteristics.
Linseed addition in cereal bars is an option to increase the intake of functional foods, contributing to a healthy diet, and may help reduce the occurrence of several non-communicable diseases. However, new studies are necessary to investigate the effects of the intake of these formulations in the human diet. RESUMO Objetivou-se caracterizar barras de cereais enriquecidas com fibra alimentar e ômega-3, utilizando ingredientes funcionais. Foram desenvolvidas formulações, contendo 0%, 5%, 10% e 20% de linhaça, realizadas análises químicas centesimal, de ácidos α-linolênico e linoléico e aceitabilidade. As concentrações de carboidratos das barras de cereais com linhaça foram menores que o controle (p<0,004) e o teor de proteína não diferiu entre as formulações (p>0,05). A barra de cereais contendo 20% de linhaça apresentou maior teor de lipídio (p<0,001). As formulações com 5% e 10% de linhaça são consideradas fontes de fibra alimentar e a formulação com 20%, boa fonte. Com relação ao ω-3, as formulações contendo linhaça foram classificadas como excelentes fontes. O valor calórico das barras de cereais foi em torno de 100 kcal/ porção. As formulações adicionadas de linhaça apresentaram maior aceitabilidade, e a de 20% de linhaça apresentou melhor formulação em relação às características químicas e sensoriais.
Portanto, a adição de linhaça às barras de cereais é uma boa opção para desenvolver um produto funcional, que pode contribuir para uma dieta saudável e reduzir várias doenças crônicas não-transmissíveis.
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